The meaning of N ν in the Left-Right Symmetric Model (LRSM) is discussed. In its original definition N ν is the number of neutrinos or generations of leptons, so, in the Standard Model its value is three. However the determination of N ν in experiments and in astrophysical observations is subject to different theoretical interpretations. We present arguments that gives N ν as a parameter of the LRSM. Using an experimental value for the rate Γ inv /Γ ll we calculate the bound 2.90 ≤ N ν LR ≤ 3.04 (90 % C. L.), where N ν LR is a function of the left-right mixing angle φ. This range is less restrictive than the one of the standard model. to be published in Z. Phys. C
Introduction
Many models have been proposed in the literature that give the standard model (SM) [1] in the low energy limit. One of these models is the leftright symmetric model (LRSM) [2] , with a SU L (2) × SU R (2) × U(1) gauge group. In this class of models the gauge symmetry is spontaneously broken giving different masses to the left and right-handed gauge bosons. In the low-energy limit the LRSM becomes the SM and small deviations could be observed making high precision experiments. In order to know how many light neutrinos have the SM we need to know the value of the partial decay width Γ(Z → νν). However, this process is such that no final states are observed. Hence, the only way to get information about this partial decay is from the invisible width Γ inv = Γ Z −(Γ had +Γ ee +Γ µµ +Γ τ τ ). The number N ν is defined as a combination of the experimental and the theoretical magnitudes of Γ inv , Γ ll and Γ νν and it is then identified with the number of light neutrinos.
Recent experimental analysis on N ν , in the framework of the SM, gives as a result N ν = 2.983 ± 0.034. In this paper we make the calculation of N ν in the LRSM. We found that in this case the quantity defined as N ν is not a constant but depends on the mixing angle φ and therefore is not necessarily an integer number. We give an estimation of the value N ν in this model using experimental data and also from previous constraints on the φ angle.
In Sec. 2 we describe the model, whereas in Sec. 3 we discuss the meaning of N ν in the LRSM and give the results of the calculation and also our conclusions.
The Left-Right Symmetric Lagrangian
In the LRSM the Lagrangian that describes the interaction between the leptons and the neutral gauge bosons is
where W imposing the condition that the electromagnetic current has to couple to the photon. The mixing can be realized in two steps [4] :
with s φ = sin φ, c φ = cos φ, s W = sin θ W , c W = cos θ W and r W = √ cos 2θ W .
In terms of the mass eigenstates the general Lagrangian responsible for the neutral current interactions is written as
where
In the limit φ → 0 and M Z 2 → ∞ we get the SM Lagrangian. In Eq. (3) we have all the information we need to calculate the process Z 1 → ff.
3 N ν as a function of φ If we are working at the Z peak, the amplitude for the decay Z 1 → ll comes from the second term of (3) and is given by [4] 
where ǫ λ µ is the Z 1 boson polarization, u (v) is the lepton (antilepton) spinor and
Hereḡ V (ḡ A ) is the vector (axial-vector) coupling constant for charged leptons with radiative corrections that comes from the left-handed sector of the model:ḡ
is the same coupling constant as before but without radiative corrections and has its origin in the right-handed sector.
For the decay of Z 1 in neutrinos we also have corrections for the coupling constants that comes only from the LRSM:
and
In the framework of the LRSM model, the width for the process Z → ll is written as
In Eq. (11) we have neglected the mass of the leptons. In the case of the decay Z → νν the expression (11) becomes
In the limit when φ goes to zero we obtain the SM tree level partial decay width:
The partial widths (11) and (12) are applicable to all charged leptons and all neutrinos respectively. In order to use the expressions (11) and (12) for comparing with the experimental result for the number of light neutrinos N ν we recall the experimental definition for N ν in a SM analysis [7] ,
Here, the quantity in parenthesis is the standard model prediction and the R exp factor is the experimental value of the ratio between the widths Γ inv and Γ ll [5] ,
The definition (14) for N ν replaces the expression N ν = Γ inv /Γ νν , since (14) reduces the influence of the top quark mass.
If we want to get information about what is the meaning of N ν in the LRSM model we should define the corresponding expression,
This new expression will be a function of φ, so in this case the quantity defined as the number of light neutrinos is not a constant and not necessarily an integer. Also N ν LR in formula (16) is independent from the Z 2 mass and therefore depends on only one parameter of the LRSM. Experimental values for Γ inv and for Γ ll are reported in literature which in our case, can give a bound for the angle φ. However, we can look to these experimental numbers in another way. The partial widths Γ inv = 499.9 ± 2.5 and Γ ll = 83.93 ± 0.14 were reported recently [8] , but we use here the value (15) for the R exp rate of Ref. [5] . All these measurements are independent of any model and can be fitted with the LRSM parameter N ν LR in terms of φ. We can plot the expression (16) to see the general behavior of the N ν LR (φ) function. The However φ is severely bounded, so it is N ν LR . In Fig. (2) we show the allowed region for N ν LR with 90% C. L. The allowed region is the inclined band that is a result of both factors in Eq. (16): (Γ ll /Γ νν ) LR gives the inclination and R exp gives the broading. The analysis was done using the experimental value (15) for R exp reported by ALEPH Collaboration [5] with a 90% C.
L. The region for φ is given from a previous constraint on this angle [4] :
−0.009 ≤ φ ≤ 0.004, obtained from the LEP experimental value of g A [7] . In the same figure we show the SM (φ = 0) result at 90% C. L. with the solid horizontal lines. As we can see, the allowed region in the LR model (dotted line) for N ν LR is wider that the one for the SM, and is given by:
Although the allowed region is wider, the fact that the mixing angle has been extremely restricted forces N ν LR to be near 3, excluding the possibility to get a number such as 2.6 which has been reported as an upper bound from big bang nucleosynthesis [9] . In order to get this value we need φ = −0.063, which is in contradiction with the present restrictions on φ.
Finally, and just for completeness, we can reverse the arguments, that is, we fix the number of neutrinos in the LRSM to be three then the theoretical expression for R will be given by
If we make a plot of this quantity in terms of φ we have the curve shown in This restriction is in close agreement with the constraint previously obtained in Ref. [4] .
As a conclusion we can say that in the left-right symmetric model we can obtain from experimental results a value for N ν different from 3 (not necessarily an integer number). In particular for the LRSM with two doublets, and hence with Dirac neutrinos, N ν LR is in the neighborhood of three, However, if new precision experiments find small deviations from 3, this model could explain very well these deviations with a small value of φ . 
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